UNCLASSIFIED 


AD  NUMBER 


AD405101 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  APR  1963. 
Other  requests  shall  be  referred  to  Army 
Biological  Laboratory,  Attn:  SMUFD,  Fort 
Detrick,  MD. 


AUTHORITY 


SMUFD,  D/A  Itr,  4  Feb  1972 


THIS  PAGE  IS  UNCLASSIEIED 


UNCLASSIFIED 


lilR  ini 

*f  U  J  I  U  I 


1 


DEFENSE  DOCUMENTATION  CENTED 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 


CAMERON  STATION.  ALEXANDRIA.  yiRfilNIA 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  \Axat soever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  euoy 
other  person  or  corporation,  or  conveying  any  rlf^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  way  be  related 
thereto. 


THE  SIGNIFICANCE  OF 
THE  WHITE  BLOOD  CORPUSCLES 
IN  ANTHRAX  INFECTIONS 

TftANSLATiOM  NO. 

761 

APRIL  1963 


ddc 


T^SiA  B 


U.S.  ARMY  BIOLOGICAL  LABORATORIES 
FORT  DETRICK,  FREDERICK,  MARYLAND 


OTS 


OCBL:  FEe>37te  (I-53-e) 
JBBS:  B-30V3.B 

2  April  0963 


ISR  SlGIlFZCiUCB  OP  SHB  WH3XK  BLOOD  CCfiRBCIJS 
IB  AWTBRiX  nFBCnOB 


a®c  AVAiLABiLirr  BoncaE 

Qualified  requestors  nay  obtain  copies  of  this 
docnnent  from  DDC« 

This  publication  has  been  translated  frcM  the  open 
literature  and  Is  avallsble  to  the  geseral  public < 
Hcm-ICD  agencies  ma^  purchase  tills  publlcstloa  Icon 
the  Office  of  Technical  Services^  tJ.  S.  3>epartiaez*«; 
of  Ccmaerce^  Washln^on  25»  D*  C. 

Translated  fort 

U.  S,  CHBGCAI,  CCJRPS  BIOLOGICAL  LABCWATCRIES 
Ffc.  Detrlck,  Mi. 


By: 

U.  S.  DBPAROMEtiT  OP  COMMERCE 

OFFICE  OF  TECHinCAL  SHIVICES 

JOINT  PUBLICATIONS  RESEARCH  SERVICE 
Building  T“30 

Ohio  Drlte  &  Independence  Ave.,  S.W. 
Washington  25,  D.  C. 


THI  SIQHinGAHQB  OP  THB  VHUB  BLOOD  CGRPDSCUS  IN  ANTHRAX  INFBCTIONS 


following  is  a  translation  of  an  artiele  1)7  F»  ds  Moulin,  of 
tha  Dspartaant  of  I^paration  and  Control  of  Antisera  and 
Vaooines  of  the  Veterinary  Institute  in  Buitenzons,  in  the 
Outeh-language  pnblieatim  Nederlsn^oh-Iadisohe  bladen  voor 
Diergeneeskunde  en  Dierenteelt  (Netberlands-Ihdles  Journal  of 
Veterinary  tfedieine  and  Animal  Breeding)  Vol  U9,  1937»  pp  199- 
20857 

Notuithstanding  the  extensive  knowledge  obtained  till  now  of  anthrax 
one  neets  fron  tine  to  tine  probloas  that  are  not  sufficiently  clarified 
or  on  which  different  authors  do  not  agree*  As  anthrax  vaccinations  azv 
so  proninsnt  in  the  bst  Indies  it  is  very  isportant  to  get  a  clear  in¬ 
sight  into  the  course  of  the  subcutaneous  infection  with  a  virulent  infec¬ 
tious  natter  and  the  subcutaneous  application  of  vaccine.  The  part  the 
leucocytes  play  in  those  reactive  inflaBBUitlons  is  by  different  investi¬ 
gators  not  always  unanimously  Judged  and  the  phagocytosis  of  live  anthrax 
baoiUl  is  thought  possible  by  one  and  absolutely  denied  by  another,  or 
said  to  be  possible  only  with  dead  infectious  natter.  Tlie  original 
opinion  of  Matchnikoff  that  virulent  live  anthrax  bacilli  can  be  subject 
to  phagocytosis  by  leucocytes  is  doubted  by  nany.  Even  that  the  virulent 
anthrax  bacilli  would  have  a  certain  chenotactlc  influence  on  the  leuco¬ 
cytes  is  not  quite  unanimously  accepted.  Sone  accept  this  only  in  the 
organisms  of  anthrax-insensitive  animals,  or  exclusively  with  weakened 
bacteria  species}  in  this  case  anthrax  vaccines  in  for  the  disease- 
susceptible  individuals.  With  virulent  infectious  matter  the  leucocytes 
are  more  kept  on  a  distance  than  attracted*  Although  maybe  phagocytosis 
of  virulent  bacilli  was  not  seen,  it  could  not  be  denied  that  in  the 
vaccination  region  strong  leucocytosis  and  annihilation  of  many  inocu¬ 
lated  micro-organisms  happened.  This  extra-cellular  deterioration  wo’ild 
not  have  been  caused  by  leucocyte  products,  but  by  antibacterial  prop¬ 
erties  of  tissue  liquids.  Later,  Bail,  Preisz,  Weil,  Tsuda,  among  others, 
have  shown  that  anthrax  bacilli  in  vitro  brought  together  with  leucocyte- 
containing  serum  became  victims  of  extra-cellular  lysis  caused  by  a 
strong  bactericidal  matter  excreted  by  the  white  blood  corpuscles. 

It  is  not  necessary  as  an  introduction  to  quote  the  extensive 
literature  on  this  subject.  It  is  enough  to  know  that  who  studies  the 
anthrax  immunization  cannot  find  in  the  literature  convincing  proof  of 
the  influence  of  leucocytes  on  the  virulent  or  weakened  infectious 
matter  in  animal  organism,  immunized  before  or  not.  To  clarify  this, 
systematic  research  is  done.  It  goes  without  saying  that  a  histological 
investigation  must  be  the  basis  of  the  research.  The  microscopic  exami¬ 
nation  of  the  local  tissue  reactions  after  a  subcutaneous  inoculation  of 
virulent  or  weakened  microbes  in  anthrax-sensitive  or  previously  immunized 
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ea^riaental  aninalSf  should  give  an  insight  into  the  part  played  by 
the  leuoooytes. 

To  be  sure  to  make  histological  siloes  exclusively  of  the  place  of 
vaccination^  the  edge  or  point  of  the  ear  of  sheep  and  rabbits  was  taken. 
The  to  be  injected  bacteria  suspension,  rinsed  off  a  2li  hours  old  agar 
culture  with  physiological  salt  solution,  was  sucked  in  a  syringe;  0.25 
to  0,$0  00  was  Injected  subcutaneously,  and  after  tines  varying  frcm  U  to 
2U  hours  the  vaccination  places  were,  after  anaesthetising,  out  out  for 
histological  examination.  After  alcohol  fixation  of  the  tissue,  paraffin 
slices  were  made  and  colored  in  the  usual  way,  as  well  as  by  the  Oiemsa 
method. 

The  bacteria  used  were:  the  very  virulent  Foerwakart  species,  an 
apathogenlo  culture  of  this  species  made  for  rabbits,  the  B.R.S.  and 
P.Q.V.  vaccines,  usual  in  the  ladies,  and  tbs  Carbosoo  vaccine  known  in 
Europe. 

The  following  system  of  vaccination  of  experimental  animals  was 
practiced: 

I.  Killed  virulent  bacilli  in  normal  rabbits. 

H.  Idve  bacilli  of  the  above-mentioned  species  in  normal 
rabbits. 

m.  The  same  in  previously  immunised  rabbits  and  sheep. 

I.  Killed  virulent  bacilli. 

To  kill  the  virulent  bacteria  a  concentrated  suspension  of  a  2U- 
hours-old  bacilli  culture  on  agar  in  physiological  salt  solution  was 
kept  one  hour  at  boiling  temperature.  Already  U  hours  after  inocula¬ 
tion  of  this  suspension  a  strong  hyperaemla  shows,  followed  by  edema. 

The  connective  tissue  and  capillar  endothelium  are  first  subject  to  a 
proliferative  stimulus,  but  show  later  in  the  course  of  the  process  a 
vacuolatlon  and  a  fatty  degeneration.  The  leucocytes  concentration  Is 
strong,  and  with  the  lymphocytes  they  fom  a  wall  around  the  bacteria 
center.  After  2k  hours  many  of  these  cells  are  destroyed,  showing  lyses 
and  nucleus  crumbling.  Only  a  lot  of  dead  bacilli  are  to  be  seen,  dif¬ 
ferent  from  live  ones,  as  later  will  be  described,  because  after  Oiemsa- 
coloring  they  are  not  blue,  but  light-red.  Amid  the  leucocytes  are 
everywhere  rests  of  bacilli  but  it  is  striking  that  even  of  the  dead 
bacilli  so  very  few  are  cleared  away  by  means  of  phagocytosis. 

II.  Vaccination  with  live  infectious  matter. 

In  principle  the  microscopic  picture  of  the  infection  with  virulent 
live  bacilli  looks  like  the  picture  of  the  dead  bacilli,  but  the  tissue- 
reaction  is  much  more  intensive.  Also  the  cell  destruction  has  increased 
enormously.  Ihexpected  is  the  appearance  of  eosinophile  leucocytes. 
Already  after  four  hours  the  inoculated  and  culture  bacilli  colored  with 
Qiemsa  blue  have  acquired  capsules  which  they  keep  in  the  further  course 
of  the  process.  Although  leucocytes  and  lymphocytes  concentrate  in  great 
quantity,  phagocytosis  is  nowhere  seen  nor  extra -cellular  destruction, 
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and  in  only  a  fair  lauoooTtaa  thara  ara  aporaa, 

Tha  anthrax  dpaolaa  nada  avirulant  oraata  only  light  inflawaation 
aynptooia,  but  tha  local  hyparlauoooytoala  la  strong*  Tha  good  oolorabla 
bacilli  form  in  rabbits  no  eapsulas  and  at  tha  saxa  tlBM  an  anoraous 
phagocytosis,  as  aoU  as  an  «ctra>oallular  dastruotlon  is  to  ba  saan. 

In  forming  morphological  different  daganaration  products,  vlth  no  simi¬ 
larity  to  tha  original  shape,  tha  bacilli  are  soon  claarad  away  and  after 
2ii  hours  nothing  can  be  found  anymore  of  tha  oonsldarabla  quantity  of 
inoculated  miorobaa. 

Tha  Taccina  apaciaa  create  a  lass  strong  inflammation  than  tha 
virulent  bacteria}  Ihe  leucocyte  emigration,  howaver,  la  not  less  than 
in  virulent  infections  but  on  the  contrary  even  increased.  Remarkable 
is  the  presence  of  eoslnophlle  leucocytes  mhlch  in  greater  quantity  than 
in  virulent  infections  participate  in  the  process. 

Only  part  of  the  vaccine  bacilli  acquire  capsules,  the  other  part 
is  absolutely  naked,  also  after  2U  hours.  The  aggressive  influence  on 
the  leucocytes  is  clearly  visible  in  the  destruction  zone  of  these  cells 
around  tha  ixif action  centre. 

Fhagocytosis  Is  noidiere  to  be  seen*  On  the  contrary  with  the 
virulent  species  the  vaccine  bacilli  are  in  considerable  quantity  extra¬ 
cellular  destroyed  as  appears  from  the  pictures  of  lysis,  forming  of 
shades  and  granular  degeneration  which  are  everywhere  to  be  seen. 

III.  Live  Infectious  Hatter  in  limunlzed  Animals. 

is  experimental  animals  rabbits  and  sheep  were  taken  which  after 
repeated  inoculation  with  vaccine,  and  as  to  sheep  also  with  virulent 
bacteria,  were  Immunized  against  anthrax. 

In  rabbits  the  destruction  of  the  Inoculated  fully  virulent  matter, 
a  concentrated  suspension,  happens  very  quickly,  and  after  nine  hours 
practically  nothing  of  the  virulent  Foerwakarta  culture  can  be  found* 
Fhagocytosis  is  nowhere  found  with  certainty  so  that  the  destruction  must 
have  happened  exclusively  extra-cellularly.  The  Inflammation  reaction  is 
far  less  than  in  infection  of  non-lmmunized  rabbits,  and  the  leucocytes 
degeneration  is  less.  The  presence  of  eosinophils  leucocytes  around  the 
infection  centre  is  remarkable. 

With  the  apathogenlc  culture  made  for  rabbits;  the  inflammation  is 
minute  and  there  is  no  cell  degeneration  at  all*  The  more  is  the  destruc¬ 
tion  of  the  Inoculated  bacilli,  which  are  cleared  away  by  means  of  intra- 
as  well  as  extracellular  digestion.  The  leucocytes  emigration  comes  more 
slowly,  but  is  after  some  hours  considerable;  local  eosinophllia  is 
minute*  After  2h  hours  a  trace  of  the  inoculated  infectious  matter  can 
nowhere  be  found. 

In  immune  rabbits  nine  hours  after  Inoculation  with  vaccine  no 
convincing  bacilli  rests  are  anymore  to  be  found.  The  destruction 
happened  so  quickly  that  images  of  phagocytosis  and  even  of  extracellular 
digestion  aire  lacking  after  nine  hours*  ^yiqptoms  of  inflammation,  hyper- 
aemia,  edoza  and  leucocyte  degeneration  are  still  present  so  that  the 
aggressive  character  of  the  bacilli  is  clear*  The  amount  of  eoslnophlle 
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leuooQTtes  has,  because  of  the  immunization  before,  strongly  increased. 
With  the  much  swollen  and  vacuolated  connective  tissue-  and  endothelium 
cells  they  give  quite  the  tissue  picture  that  is  described  of  subcu¬ 
taneous  injections  of  anaphylaxis -creating  material. 

The  same  experiments  are  repeated  with  immune  sheep.  The  histo¬ 
logical  picture  is  quite  the  same  as  seen  in  rabbits.  Growth  and  degen¬ 
eration  of  connective  tissue-  and  endothelium  cells,  onlgratlon  of 
leucocytes,  and  specially  the  presence  of  eosinophlle  cells,  hyperaemla 
and  light  edema  coaiplata  the  character  of  inflammation. 

ilready  four  hours  after  inoculation  of  the  virulent  Poerwakarta 
culture  the  fine  bacilli  show  different  symptoais  of  degeneration.  Ih 
case  they  are  at  the  outside  of  the  bacilli  centre  and  in  contact  with 
the  bactericidal  matter  in  the  tissue  they  show  involution  foms, 
swelling,  winding,  clavated  thickening  and  coccus  shapes  of  different 
thickness.  Ih  the  same  time  the  bacilli  are  less  colorable.  They  may 
have  capsules,  but  they  exist  a  short  time  and  disappear  after  granular 
degeneration  and  an  irregular  and  considerable  swelling.  Already  after 
four  hours  are  with  the  capsules  many  bacilli  on  their  way  to  destruction. 
After  2k  hours  no  capsules  exist  anymore  and  the  clearing  away  of  the 
bacteria  is  far  advanced.  Not  everywhere  is  this  in  the  same  jdiaee  of 
dovelopMnt  and  next  to  short  segnsnte  without  capsules  and  flM  bacilli, 
there  is  everytdiere  amid  the  leucocytes  a  granular  and  filamentous 
detritus.  Fhagocytosls  does  not  exist.  Leucocyte  degeneration  is  minute 
even  in  the  bacteria  centre.  The  great  amount  of  lymphocytes  seen  to 
prove  their  participation  in  the  process. 

The  vaccine  bacilli  liwculated  in  l-mmune  sheep  create  a  local 
leucocytosls,  far  stronger  than  with  the  virulent  species.  Also  there 
are  many  more  eosinophlle  cells. 

With  these  bacilli  the  forming  of  capsules  is  prevented  and  only 
in  a  few  oases  can  the  beginning  of  a  capsule  be  found.  These  capsules 
disappear  in  a  few  hours  because  of  granular  degeneration,  so  practically 
it  can  be  stated  that  immunity  prevents  capsule  forming.  liiUke  in  the 
virulent  species,  phagocytosis  takes  place  everywhere,  and  the  eosinophlle 
leucocytes  are  also  participating.  Li  addition  to  this  intracellular 
digestion  a  considerable  extracellular  digestion  takes  place  and  all 
stages  of  degeneration  of  the  bacilli  outside  the  leucocytes  are  found. 

With  the  weak  vaccine  species  (P.G.V.)  the  degree  of  phagocytosis 
is  stronger  than  with  the  stronger  (B.R.S.).  The  Carbozoo  from  Europe 
is  in  accord  with  the  P.G.V.  vaccine. 

After  2k  hours  no  one  of  the  vaccine  species  shows  bacilli  rests 
in  the  place  of  inoculation. 

From  the  above-mentioned  facts  the  following  practical  conclusions 
can  be  made: 

The  tissue-  and  cell  deterioration  stands  in  relation  to  the 
virulence  degree  of  the  inoculated  anthrax  species.  The  leucocytes  emi¬ 
gration  of  the  vaccines  is  stronger  than  with  virulent  matter,  and  with 
the  weaker  P.G.V.  and  Carbozoo  more  so  than  with  the  stronger  B.R.S. 
vaccine.  This  could  be  explained  by  the  possible  presence  of  aggresines 
in  the  more  virulent  species.  Eosinophlle  leucocytes  emigrate  more  in 
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yaodne  inoculation  than  in  yirulent  infeotlons^  preceding  sensitising 
by  Beans  of  vaccination  increases  the  aaount  of  eosinophlle  cells  con¬ 
siderably.  Here  is  something  encountered  also  being  established  in 
anaphylarLs-oreatlng  material.  Preceding  ImBunisation  increases  the 
phagocytosis  of  vaccine  bacilli  considerably  and  remains  unchanged  as 
to  the  vlrul.ent  bacteria}  the  latter  are  neither  in  the  normal  nor  in 
the  immune  animal  subject  to  phagocytosis. 

Vaccination  Increases  the  leucocyte  emigration  after  a  next 
inoculation  of  vaccine  bacilli}  a  next  inoculation  with  Poerwakarta 
anthrax  does  not  act  this  way. 

The  virulent  bacteria  are  in  immune  rabbits  and  sheep  exclusively 
extra-cellularly  destroyed,  the  apathogenio  axid  vaccine  bacteria  are 
destroyed  by  both  intra-  and  extra-cellular  digestion. 

Vaccination  furthers  both  forms  of  leucocyte  activity.  The 
intensity  of  phagocytosis  stands  in  relation  to  the  diminished  degree 
of  virulence. 

The  forming  of  capsules  seems  to  be  in  connection  with  the  degree 
of  virulence  and  is  strongly  checked  in  ease  of  immunity,  and  the  time 
dviring  idiioh  the  capsules  nanage  to  exist  is  only  shortened  by  a  fev 
hours  in  ease  of  Imimmlsation.  Capeule  beeterla  in  these  experiments 
have  never  been  subjected  to  phagocytosis,  nor  have  the  mitigated 
capsuled  vaccine  bacilli. 

Another  in^rtant  problem  is  to  investigate  whether  the  leuco¬ 
cytes,  although  they  do  not  destroy  live  virulent  bacilli  by  means  of 
phagocytosis,  still  excrete  products  causing  extra-cellular  digestion 
and  how  such  products  act  on  weakened  bacteria. 

Therefore  it  was  tried  by  producing  sterile  abscesses  in  big 
domestic  animals,  normal  as  well  as  highly  immunized,  to  obtain  a 
leucocyte  extract  and  to  test  the  influence  of  this  extract,  on  anthrax 
cultures. 

A  normal  cow  and  normal  horse,  a  highly  immunized  horse  and 
buffalo  were  injected  under  the  skin  of  the  neck  with  $  cc  of  oleum 
terebinthinae  depuratum.  After  5  to  7  days  abscesses  had  formed  at 
the  places  of  injection.  The  contents  of  the  abscesses  were  gathered 
under  precaution  of  sterility  in  little  bottles  and  mixed  with  physio¬ 
logical  salt  solution  kept  a  week  under  refrigeration.  From  time  to 
time  the  mixture  was  strongly  shaken.  At  last  part  of  the  mixture  was 
put  in  sterile  centrifuge  tubes  and  rotated.  Fart  of  the  clear  liquid 
was  heated  in  a  double  boiler  to  60,  70  and  80  degrees  centigrade.  Two 
cc  of  the  different  leucocyte  extracts  from  normal  as  well  from  Immunized 
animals  were  added  to  2U  hours  old  anthrax  cultures  on  agar  and  after 
U.8  and  2I4.  hours  the  results  were  examined  on  slides.  The  series  of 
agar  cultures  were  prepared  from  the  apathogenic  Poerwakarta  species  for 
rabbits  and  from  the  already  mentioned  vaccine  bacteria. 

The  normal  unheated  leucocyte  extract  shows  after  four  hours  an 
unfavorable  influence  on  the  virulent  bacilli,  which  show  a  swelling  of 
the  originally  slender  bacilli.  After  2k  hovirs  the  bacilli  are  to  a 
certain  extent  polymorphous,  oval}  much  swollen  segments  are  next  to 
slender  bacilli  often  in  an  unreal  capsule.  Many  of  those  bacilli  with 
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changed  shapes  are  imich  less  colorable* 

The  Influence  of  the  normal  leucocyte  extract  on  the  vaccine 
bacteria  and  the  apathogenic  culture  Is  much  clearer.  Here  less  of  a 
swelling  Is  shown  than  a  decline  In  dimension,  so  a  deliquescence*  All 
different  shapes  are  to  be  seen  and  no  similarity  exists  anymore  with 
the  original  bacteria:  There  are  coccus  shapes  and  bodies  resembling 
coll  bacilli,  shades,  fine  sticks  and  granula.  The  amount  of  bacteria 
which  remained  seemingly  normal  Is  far  less  than  In  the  virulent  species* 

The  unheated  normal  leucocyte  extracts  of  cow  and  horse  act  In 
the  above-mentioned  same  way. 

In  heating  to  60  degrees  all  influence  of  the  extract  on  the 
cultures  is  lost* 

The  unheated  leucocyte  extract  of  Immunized  animals  shows  a  quite 
different  influence*  Added  to  the  Poerwakarta  bacteria  after  four  hours 
there  is  a  clearly  visible  digestion  of  bacteria*  The  bacilli  still 
have  their  long  chain  connections,  but  they  are  less  colorable*  The 
bacilli  bodies  are  granulated.  Within  2k  hours  the  granular  deteriora¬ 
tion  continues  till  the  long  bacilli-filaments  fall  apart  in  little 
granula*  Also  a  total  loss  of  colorabillty,  with  or  without  swelling 
and  vacuolatlon,  may  produce  long  lines  of  shades  Indicating  the  place 
of  the  previously  unlnq)alred  filaments*  After  21:  hours  no  bacillus. is 
to  be  seen  and  the  original  culture,  because  of  the  leucocyte  products, 
has  changed  into  an  undefined  mass  of  detritus  in  which  vague  outlines 
of  former  filaments  are  recognizable*  An  Intensive  bacteriolysis 
cleared  away  the  vdiole  mass  of  bacteria. 

The  vaccine  bacteria  suffer  the  same  influence  as  the  virulent 
species,  but  the  course  of  the  lysis  is  much  faster.  After  eight  hours 
the  original  culture  is  already  in  a  far  advanced  state  of  deteriora¬ 
tion.  Losing  their  homogene  morphology  the  vaccine  bacilli  acquire  all 
different  shapes  and  the  original  shape  becomes  unrecognizable;  cocci- 
and  conforms  with  ro-unded  ends  change  into  granular-  and  line  form 
rests  and  are  dissolved  in  21;  hours.  In  comparison  with  the  bacilli 
of  the  Indian  vaccines  the  annihilation  of  the  Carbozoo  is  a  little 
slower  and  shows  a  little  more  similarity  to  the  involution  forms  of 
the  virulent  bacteria,  granular  and  shadowy  bacilli  keeping  their  ori¬ 
ginal  sizes.  For  the  vaccine  bacteria  the  deliquescence  seems  to  be  more 
characteristic.  It  is  peculiar  that  the  Poerwakarta  species  made 
apathogenic  shows  more  of  the  destruction  forms  of  the  original  virulent 
bacteria  and  less  of  the  deliquescence  of  the  vaccine  bacilli  and  there¬ 
fore  does  not  go  through  all  the  differences  of  form  varieties  during 
lysis . 

By  comparison,  agar  cultures  were  made  from  the  detritus  masses 
after  2k  hours  action  of  the  normal  and  immune  leucocytes.  From  the 
normal  extract  the  growth  was  considerable  after  2k  hours,  from  the 
immune  extracts  far  less  and  only  scattered  colonies  appeared,  doubtless 
originating  from  undamaged  spores.  This  shows  the  difference  in  activity 
between  the  two  leucocyte  extracts. 

Heating  to  60  degrees  removes  the  best  part  of  the  activity  of 
the  immune  extract  and  heating  to  80  degrees  makes  it  totally  inactive. 
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In  the  histological  exanination  the  activity  of  the  lymphocytes 
had  already  been  obvious j  although  much  less  than  of  the  leucocytes* 
Consequently  the  question  vas  asked  how  far  they  play  a  part  in  the 
annihilation  of  the  bactezla*  By  chance  a  highly  immunized  buffalo  had 
died  of  an  intestinal  disease^  the  lyB;)h  glands  could  be  extiipated  and 
under  precaution  of  sterility  ground  fine  in  physiological  salt  solution 
and  kept  under  refrigeration  for  one  week*  For  comparison  the  same 
glands  of  a  normal  animal  were  treated  in  the  same  way*  Frcan  time  to 
time  the  mixtures  were  well  shaken* 

In  the  same  way  as  has  been  described  in  the  case  of  the  leuco¬ 
cyte  extracts  heated  and  unheated  lys^hocyte  extracts  were  added  to  agar 
cultures  with  the  following  results t 

The  reaction  of  the  bacilli  to  normal  and  immune  lyn^hocyte 
extract  is  clearly  different*  Normal  lymphocytes  have  practically  no 
influence  on  the  virulent  culture  and  only  after  2k  hours  some  loss  of 
homogene  coloring  is  seen  in  the  filaments*  Immune  lymphocytes  cause 
shadows,  gaps  in  the  filaments,  and  in  many  places  fine  granule  are  aU 
that  is  left  of  the  original  bodies*  Although  considerably  less  than  the 
leucocyte  extract  the  lyiiq>hoeyte8  product  also  possesses  a  bacteriolytic 
effect* 

The  normal  ly^ihocytes  show  so  nneh  lytic  capacity  against  vaccina 
bacteria  that  there  is  only  little  difference  with  the  products  of  the 
immune  lyn^>hocytes *  Heating  to  60  degrees  make  both  extracts  lose  their 
capacity*  The  bacteriolytical  activity,  fortified  by  immunization, 
explains  the  presence  of  the  lyn^hocytes  in  the  anthrax  process*  Although 
these  cells  have  no  ability  for  phagocytosis,  they  participate  in  the 
extracellular  annihilation  of  infectious  matter. 

Suianary 

About  the  part  played  by  leucocytes  in  anthrax  infections  contra¬ 
dictory  experiences  are  often  published,  so  that  to  get  a  clear  insight 
in  practical  anthrax  problems  it  is  necessary  to  investigate  this  matter 
yourself* 

In  rabbits  and  sheep  a  series  of  vaccination  processes  are  pro¬ 
duced  and  a  histological  examination  done*  Dead  and  live  viznilent 
anthrax  bacilli,  an  apathogenic  culture  made  for  rabbits,  the  vaccine 
species  used  in  the  Indies,  and  Carbozoo  species  known  in  Europe,  are 
inoculated  in  the  skin  of  the  ear  of  normal  rabbits  and  of  immunized 
rabbits  and  sheep*  The  places  of  Inoculation  are  cut  out  in  U  to  2k 
hours  for  histo-bacterloscopic  examination.  The  results  were  as  follows: 

The  leucocyte  and  lyr^ihocyte  emigration  is  in  vaccine  inoculation 
stronger  than  in  virulent  infection. 

Killed  virulent  bacilli  are  seldom  victim  of  phagocytosis,  live 
virulent  as  well  as  vaccine  bacilli  are  not  subject  to  phagocytosis 
during  the  first  21^  hours*  There  is  only  phagocytosis  of  the  apathogenic 
culture  * 

Only  part  of  the  vaccine  bacilli  acquire  capsules  in  normal 
rabbits  and  many  bacilli  do  not  get  capsules,  same  as  with  the 


-  7  - 


apathogenlc  bacteria. 

Capsule  bacteria  are  never  subject  to  phagocytosis .  The  observa¬ 
tions  of  Sobemhelm  and  others  that  virulent  capsule  bacteria  are  subject 
to  phagocytosis  could  not  be  confirmed.  This  supports  the  opinion  of 
Tsuda,  Veil  and  others  who  also  deny  the  possibility. 

Previous  Immunization  considerably  aids  the  local  leucocytosls 
after  Inoculation  with  virulent  or  vaccine  bacteria,  but  the  reaction  of 
the  vaccine  Is  stronger. 

Phagocytosis  Is  not  promoted  by  Immunisation  and  they  are  exclu¬ 
sively  cleared  away  by  means  of  extra-cellular  annihilation.  The  vaccina 
bacilli  are  after  Immunization  cleared  away  as  well  by  means  of  phago¬ 
cytosis  as  by  extra-cellular  digestion.  This  process  Is  very  rapid; 
already  after  nine  hours  the  bacilli  Inoculated  In  Immune  rabbits  have 
disappeared.  This  process  takes  2ix  hotirs  In  Iranune  sheep,  the  vaccine 
bacteria  are  here  sooner  annihilated  than  the  virulent  matter. 


-  END  - 
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